Background:
INTRODUCTION
Total knee arthroplasty (TKA) is a common procedure intended at treating patients with knee osteoarthritis (OA) suffering from pain and disability [1] . Its predominant success rendered it the second most common type of orthopaedic intervention [2] . This tendency will likely maintain, as projections suggest a six-fold increase in the number of primary TKAs performed in the next decades [2] . Although TKA is generally a successful intervention, leading to amelioration in pain levels and functional status, it yields suboptimal results in up to one third of patients [3 -7] . Sound knowledge of determinants of TKA outcomes can help in patient selection, preparation and education, especially regarding possible risks and benefits of the procedure [8] . This is particularly relevant with respect to medium-term outcomes, as after a significant amelioration three to six months postoperatively, pain and physical function levels vary little subsequently until two years following surgery [9, 10] . During this time, patients are closely monitored by their surgeons, and the medical treatment and rehabilitation can be readily altered if progress is deemed unsatisfactory.
Previous systematic reviews attempted to summarize the determinants of TKA outcomes. Santaguida et al. (2008) identified older age and female gender to be associated with worse function following TKA [8] . However, their results are based on studies published until 2001. Van Jorbegen et al. (2014) focused on protective determinants of anterior knee pain following TKA, and their findings included mostly surgical factors, namely femoral components with a posterior centre of rotation, resection of Hoffa's pad, patellar rim electrocautery and preventing combined component internal rotation [11] . Vissers et al. (2012) focused their systematic review on psychosocial factors associated with TKA outcomes and identified pain catastrophizing and lower preoperative mental health as significant determinants of poor TKA outcomes [12] . Regardless of the evidence summarized by these systematic reviews, no consensus exists concerning either the identity or the strength of association between TKA determinants and poor outcomes. Consequently, there is an evident necessity of a comprehensive review encompassing the highest quality of evidence, which can be achieved by focusing on studies employing validated patient-reported outcome-measures (PROMs) of pain and function that also gauge the independent effect of determinants via multivariate analyses [13] .
The purpose of this systematic review was to assess the current status of the literature evaluating the determinants of poor outcomes in terms of pain and functional levels following TKA. We also aimed to compare the determinants according to the approach of quantifying TKA results, i.e. as a measure of patients' postoperative status or of postoperative change. Finally, because some studies evaluate pain and function either separately, such as in the case of Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain and function subscales, or in a combined manner (total WOMAC score), we intended to parallel determinants according to this categorization.
MATERIALS AND METHODS

Literature Search and Study Identification
A search in four databases (Medline, Pubmed, Embase and CINAHL) from their respective inception dates until October 2014 was undertaken using a combination of keywords and MESH terms (see Appendix A). Manual searches of previously published reviews and reference lists from relevant articles were also conducted. Two authors independently reviewed the titles, abstracts and full texts of the articles in order to evaluate their eligibility. The risk of bias and the methodological quality of the included studies was assessed using a modified version of the Methodology Checklist for Prognostic Studies developed by Hayden et al. (2003) [14] . This tool includes six items: "Study participation", 'Study attrition", "Prognostic factor measurement", 'Outcome measurement", "Confounding measurement and account" and 'Analysis". Each item is evaluated according to its risk of potential bias: "yes" indicates a low risk of bias, "no" indicates a high risk of bias and "unclear" indicates an unclear or an unknown risk given the information available. For each item of the checklist, a score of 2 was given if a low risk of bias was present, a score of 1 if the risk was judged unclear and 0 if the risk was high. For the 'Study participation" item, a score of 1 was attributed if the study was retrospective in nature and that no information was available regarding patients not included in the study because of incomplete data. For the "Study attrition" item, a score of 0 was given automatically if the follow-up proportion at the relevant time-point was inferior to 80%. A score of 0 was given for the "Confounding measurement and account" item if confounding factors such as age, gender and body mass index (BMI) were not accounted for in the multivariate analysis.
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Data Synthesis
Determinants of TKA outcomes were summarized based on whether results were reported as postoperative change or postoperative status, and whether pain and function were assessed as separate or combined constructs. Given the nature of the study designs and the heterogeneity of included studies in terms of depended and independent variables' constructs and definitions, as well as variations in follow-up periods, only a qualitative synthesis of results was performed.
RESULTS
Description of the Included Studies
Initial literature search yielded 139 full-text articles for assessment of eligibility. After further exclusion of 106 fulltext articles for reasons presented in Fig. (1) , 33 manuscripts were included. Table 1 indicates relevant characteristics of the included studies. Results from two manuscripts are presented conjointly because of analyses performed on the same cohort [9, 15] . The WOMAC was the validated tool used to measure postoperative pain and/or function in 24 studies, whereas the Oxford Knee Score (OKS) was employed in 9 studies. Nine studies have employed the change in pain and/or function after the surgery as an outcome measure. Postoperative raw scores at follow-up were considered as a measure of outcome in 25 studies. Six studies had a sample size smaller than 100 and 13 had a sample size greater than 500 patients. Only six studies presented a power calculation or considered a way of estimating required sample sizes [16 -20] . Table 2 indicates the methodological quality scores of the included studies after consensus. Mean total score for the methodological quality was 80.7% (SD 12.2%). No study received lower than 58.3% and four studies were graded 100% [17, 19, 21, 22] . Overall, these results indicate a moderate-to-high methodological quality. Three domains of the methodology appraisal ("Prognostic factor measurement", "Outcome measurement" and "Analysis") scored on average the maximal possible grade. The domain with the worse mean score (1.00, SD 1.02) was "Confounding measurement and account", with 17 studies not accounting for age, gender or BMI or other potential confounding factor in the multivariate analyses. A noteworthy number of studies (11 out of 33) reported a follow-up proportion inferior to 80%. This negatively impacted the study attrition domain. TOTAL (mean ± SD) /12 1.71 ± 0.46 1.00 ± 0.84 2.00 ± 0.0 2.00 ± 0.0 1.00 ± 1.02 2.00 ± 0.0 9.69 ± 1.47
Methodological Quality of the Included Studies
TOTAL (mean ± SD) /100 85.4 ± 23.1 50.0 ± 42.1 100 ± 0.0 100 ± 0.0 50.0 ± 50.8 100 ± 0.0 80.7 ± 12.2 Study participation: The study sample represents the population of interest with regard to key characteristics, sufficient to limit potential bias to the results Study attrition: Loss to follow-up is unrelated to key characteristics (that is, the study data adequately represent the sample), sufficient to limit potential bias Prognostic factor measurement: The prognostic factor of interest is adequately measured in study participants, sufficient to limit potential bias Outcome measurement: The outcome of interest is adequately measured in study participants, sufficient to limit bias Confounding measurement and account: Important potential confounders are appropriately accounted for, limiting potential bias with respect to the prognostic factor of interest Analysis: The statistical analysis is appropriate for the design of the study, limiting potential for the presentation of invalid results SD: standard deviation
Preoperative Determinants of TKA Pain and Function Outcomes
Demographic Determinants
Fifteen studies investigated the association of age at the time of surgery and postoperative status. Neuburger et al. (2012) mention that being less than 60 years old is a significant determinant of poorer total OKS score at 6 months [23] . However, the same study reports that being older than 80 years old was also related to worse total OKS score at 6 months. Four more studies identified older age at the time of surgery as a factor associated with worse functional level following TKA [10, 24 -26] . Nevertheless, ten studies report no significant effect of age on postoperative pain and function status [9, 15, 19, 20, 24, 27 -31] . Eleven studies did not report a significant relationship between gender and TKA outcomes [9, 10, 15, 19, 23, 24, 27 -29, 32, 33] . The two that found a significant association seem to yield more consistent results regarding the deleterious effect of female gender on TKA pain and function outcomes [25, 26] .
Only limited evidence can be extracted regarding demographic determinants of postoperative change in terms of pain or function. In regards to gender, one study identified male gender to be associated with a smaller change in the 12-month WOMAC function score [4] . Alzharani et al. (2011) report that male patients were 0.72 times more likely to not achieve the minimal clinically important difference (MCID) for total OKS score 1 year after TKA compared to women, i.e. female gender is a determinant of unsatisfactory outcome [33] . Baker et al. (2012) suggest that younger age is associated with less improvement on the total OKS score recorded 6 to 12 months postoperatively, whereas Alzharani et al. (2011) indicate that older age is associated with lower odds of attaining the MCID of the total WOMAC score 1 year following TKA [16, 33] .
Socioeconomic Determinants
Although scarce, the evidence regarding socioeconomic factors seems to point to several significant findings only in the case of the outcomes measured as postoperative status. Greater social deprivation was identified in two studies as a determinant of worse pain and functional limitation when simultaneously controlling for multiple confounding factors [23, 25] . A lower income was linked to a worse WOMAC pain score at 12 months post-operatively [34] . A lower educational status has been associated with better pain levels at 6 months in a study by Lopez-Olivo et al. (2012) . However, six studies report no significant effect of education on either pain or function following TKA [9, 15, 17, 18, 28, 34] .
Psychosocial Determinants
Several studies that were included in the review were dedicated at exploring the relationship between possible psychosocial determinants and TKA outcomes measured as postoperative status. Presence or higher levels of anxiety and/or depression have been consistently identified as significant determinants of worse TKA outcomes in six of the included studies [23, 25, 27, 31, 32, 35] . Two studies report that greater preoperative pain catastrophizing is linked to worse pain and disability12 months after TKA [30, 36] . identified absence of social support to be related to worse 6-month pain and function levels [24] . Other significant psychosocial variables associated to pain and function status following TKA are presented in Table 3 .
In terms of postoperative change, Riddle et al. (2010) determined that greater pain catastrophizing was related to higher odds of not achieving an improvement of 50% in the pain domain of the WOMAC at 6 months as well as not attaining a change greater than 4 points out of 20 on the WOMAC pain score at 6 months [22] . A previous diagnosis of depression and higher levels of depression/anxiety as measured by the EuroQ5D questionnaire were related to a smaller change on the 6 to 12 month total OKS score [16] . 
Demographic
Younger age [24] Younger age [10] Female gender [23, 25] Female gender [26] Older age [25, 26] South-Asian, black or other non-white ethnicity [23] Female gender [25] Younger age [23] Single, separated or divorced [17] Older age [23] [17] Greater social deprivation [23, 25] Greater social deprivation [25] Greater social deprivation [25] Lower education level [18] Psychosocial Lower coping efficacy [51] Lower coping efficacy [51] Presence of depression [23, 25, 32, 35] High arthritis helplessness [51] Absence of social support [24] Higher anxiety level [25, 27] Higher pessimism [51] Higher anxiety [25, 31] Lower expected chance of recovery [51] Higher depression level [18, 25] Lower expected change in quality of life [51] Less frequent availability of tangible support [18] Absence of social support [24] Less problem-solving coping style [18] Higher anxiety level [25, 31] Greater pain catastrophizing [30, 36] Higher depression level [25] Worse self-efficacy [32] Less problem-solving coping style [18] More dysfunctional coping [18] Less internal belief of control over health [18] Greater pain catastrophizing [30] Greater perceived injustice [37] Presence of back pain [33, 35] Presence of back pain [24, 26] Presence of back pain [24] Worse pain/function levels [20, 23, 25, 27, 29, 35] Greater comorbidity [18, 24, 26, 38] Greater comorbidity [10, 24, 26] Worse mental health [20, 33, 35] Worse mental health [25] Worse mental health [10, 26, 38] Worse general health status [23] OA diagnosis [19] Use of walking devices [10] Vascular comorbidity [23, 26] Symptomatic ankles/feet/toes [19] Higher BMI [25, 26] Obesity [39] Symptomatic neck [19] Symptomatic ankles/feet/toes [19] Higher BMI [20, 25] Symptomatic neck [19] OA diagnosis [23, 25] More painful joints elsewhere [31] Greater comorbidity [20, 29] Restricted knee flexion [26] Heart disease [23] Absence of high blood pressure [23] Stroke [23] Diabetes [23] Revision surgery [23] Shorter duration of symptoms
Clinical Determinants
The investigation of the association between clinical characteristics and TKA outcomes measured as postoperative status has received a great deal of attention. One of the most studied potential determinants of knee pain and function following TKA is the baseline, preoperative levels of the respective variables. Seventeen studies linked a poor preoperative status to a worse postoperative status in terms of pain and function [9, 10, 15, 17 -20, 23 -25, 27, 28, 31, 32, 35, 37, 38] .
Poor preoperative mental health, as measured by the SF-36 questionnaire, has been associated to worse outcomes in seven studies [18, 20, 24, 26, 32, 35, 38] . Even if TKA is performed predominantly for patients with primary OA, two studies seem to point to a diagnosis of primary gonarthrosis as a determinant of worse outcomes, when compared to rheumatoid arthritis or other diagnoses [23, 25] . Higher baseline BMI has been linked to poorer functional results as well as to worse outcomes of pain and function combined in four studies [20, 25, 26, 39] . Five studies identified the presence of back pain before surgery to be related to substandard pain and function status after TKA [19, 24, 28, 32, 35] . Regardless of whether comorbidity was measured as the influence of individual comorbidities, of the number of comorbidities per patient or when considering their severity and impact on patients' life, seven studies suggests it to be a significant determinant of worse outcomes in terms of pain and function following TKA [10, 20, 23, 24, 26, 29, 35] . More symptomatic joints, including ankle, feet, toes and neck were associated with greater level of pain and worse function 12 months after TKA in two studies [19, 31] . Other significant clinical determinants of TKA outcomes measured as postoperative status can be found in Table 3 .
Regarding outcomes measured as postoperative change, four studies report that better baseline levels of function and/or pain are related to lower levels of improvement following TKA. Jones et al. (2001) reported that lower preoperative pain was associated with smaller changes in functional abilities 6 months after the surgery [10] . A better preoperative total OKS score was related to a smaller change 6 to 12 months following TKA in two studies [16, 40] . Better preoperative function level was found to be a significant determinant of lower gains in functional abilities [4] .
Greater comorbidity was shown to significantly determine lower changes in pain and functional status [16, 40, 41] . In particular, Kauppila et al. (2011) showed that presence of osteoporosis was associated with a smaller level of change in function and with decreased odds of attaining the OMERACT-OARSI set of responder criteria 12 months after surgery [4] . A study by Gandhi et al. (2013) revealed that a greater level of synovial fluid levels of three inflammatory markers (TNF-α, MMP-13 and IL-6) were related to poor gains in physical function 2 years after TKA as measured by the WOMAC function score [21] . Other miscellaneous clinical determinants identified in the included studies were worse general health status (as measured by the American Society of Anaesthesiology grade), presence of self-reported disability and lower self-reported general health [16] , greater preoperative bodily pain [41] , worse mental health [40, 42] and presence of back pain [40] .
Surgical Determinants
Only one of the included studies identified a significant surgical determinant of poor postoperative status as measured by pain levels at 6 months: cruciate-retaining implant [17] . Sullivan et al. (2011) studied the effect of surgery duration and of the identity of the surgeon on the 12-month WOMAC pain and function scales, but their analysis yielded non-significant results [30] .
In terms of postoperative change, findings by Jones et al. (2001) indicate that cementless prosthesis is associated with a lower change in the WOMAC pain score 6 months after TKA [41] . A British study by Baker et al. (2012) evaluated the effect of different types of prosthesis brands on the improvement of the total OKS score 12 months following the intervention. They found that the NexGen prosthesis brand is related to greater improvements when compared to all the other brands used in their study (PFC, Genesis 2, AGC and Triathlon) [16] . The same study evaluated the effect of the type of hospital where the surgery was performed. They showed that surgeries performed at a National Health Services hospital are more likely to be associated with poor improvement than surgeries performed at an independent hospital or an Independent Sector Treatment Centre.
DISCUSSION
Because TKA clinical results are still suboptimal in a large percentage of patients, a better knowledge of determinants of pain and function following the intervention could help improve outcomes. The aim of our study was to systematically assess the literature reporting the determinants of pain and functional outcomes following primary unilateral TKA in patients with knee OA. Thirty-four studies with a moderate-to high mean methodological quality (80.7%, SD 12.2%) were included. Even if several significant determinants of pain and functional outcomes following TKA have been summarized by studies, no conclusions can be reached regarding the strength of the associations between significant determinants and TKA results because of heterogeneity of study methodologies and results.
Strengths and Limitations of the Review
The main strength of the present systematic review is the rigorousness of the inclusion criteria ensuring high quality of evidence of determinants compiled from four important databases. Moreover, focus on all types of determinants provides a comprehensive overview of all relevant variables with a significant relationship to TKA outcomes.
The main limitation is the inability to pool the results into meta-analyses, resulting in the failure to conclude on the strength of association between patient factors and TKA outcomes due to the heterogeneity of the methodologies of the included studies. Moreover, the findings of the review do not necessarily apply to all patients undergoing TKA, namely those with a diagnosis different from OA, or undergoing bilateral or revision surgery. Also, the study does not review determinants of long-term outcomes. Finally, two studies had to be excluded because they were published in languages not mastered by the reviewers.
Main Findings
It is difficult to conclude to a significant association of any demographic determinant with TKA pain or functional outcomes based on the results of the included studies. Although female gender and older age were found significant in several studies, there is an overwhelming amount of evidence pointing to either an association in an opposite direction or to no relationship at all. These findings contrast the ones by Santaguida et al. (2008) in their systematic review. We therefore suggest that according to the available evidence, patients should not be denied surgery based on gender or age.
Regarding socioeconomic determinants, greater social deprivation achieved statistical significance in both studies evaluating its association with TKA outcomes among patients in the United Kingdom [23, 25] . Patients with greater social deprivation may experience worse TKA outcomes because of an inequality in the continuity of care following discharge compared to patients with less deprivation [23] . Caution should be warranted regarding the generalizability of these findings however, as they may not apply to other countries, although the impact of social deprivation in terms of pain and function on other musculoskeletal disorders is well established [43, 44] .
Psychosocial determinants with considerable evidence include the presence or a greater level of depression and/or anxiety. The previous review by Vissers et al. (2012) did not find definite evidence that supports the significance of this association. However, all of the seven studies included in our review that conclude to such a relationship were published after the beforementioned systematic review. The causes behind the significant association are not well understood; depressed patients might be less likely to participate actively in the rehabilitation process, thus experiencing worse outcomes [18] . Greater preoperative pain catastrophizing was also significantly associated to pain and functional outcomes after TKA, a finding consistent with the review by Vissers et al. (2012) . It has been suggested that pain catastrophizing is linked with neurophysiological processes related to modulation of pain, and that greater levels of catastrophizing promote sensitization to pain [30] .
The greatest amount of evidence is available for clinical determinants, the frontrunner being the relationship between worse or better preoperative levels in the respective dimensions (depending on the outcome being measured as postoperative patient state or change) and pain or functional outcomes. Although studies consistently refer to this relationship as a well-known fact, to our knowledge, this is the first systematic review underlining this fact. Our findings suggest that in the case of measuring outcome as a change in status, a higher preoperative status is related to a lower chance of improvement. In the case of measuring outcome as health status postoperatively, lower preoperative status is related to worse outcome. The importance of these concepts relies in the dilemma encountered when employing this information clinically: should intervention be undertaken in patients with worse preoperative state in order to obtain greater gains or should TKA be performed in patients as early as possible before they deteriorate considerably in order to guarantee better status after the surgery? Unfortunately, there does not seem to be a consensus regarding this predicament, and our review only emphasizes its importance, as other authors have done as well [45] .
Presence or greater levels of comorbidities were also related to a worse outcome after TKA. The reasons behind such a relationship are unclear. Patients with other comorbidities may not meet the demands of the intensive rehabilitation process following TKA, thus explaining their increased risk of poor surgical outcomes [26] . Several studies advocate that patients should receive appropriate counselling from their surgeon preoperatively according to the identity and number of their comorbidities [26, 39] . Of interest, presence of back pain was associated to poor TKA outcomes as well. The mechanism behind this association is however uncertain. Back pain may impede postoperative recuperation and rehabilitation or it may directly affect how patients rate their condition in terms of knee pain and function on the WOMAC, or on other outcome measures [24] .
Worse measures of general health were significantly related to poor TKA outcomes in a surprisingly consistent manner. Among the included studies, general health was mainly measured with the SF-36 questionnaire, and a poorer mental health domain in particular was consistently related to poor pain and function after TKA. This may underlie the importance of the overall health status, especially the extent of psychological distress, in selecting individuals for knee arthroplasty.
Limited evidence has been identified regarding surgical determinants of poor TKA outcomes. This may be due to the fact that surgical factors are traditionally investigated by studies employing a clinical trial methodology, whereas this review encompasses prognostic cohort studies. Association of surgical and technical factors with TKA outcomes is clearly a complex issue, and a different approach than the one employed by this review may be required to identify significant determinants.
No variable was consistently identified as non-significantly related to TKA outcome. The amount of evidence for certain significant determinants is nevertheless countered by numerous studies stating their non-significance and this inconsistency represents a limitation of the available literature. Several reasons behind this discrepancy can emerge. Firstly, a low sample size can impact the ability to detect a truly present statistically significant relationship; type II errors may effectively limit the findings. Also, the duration of follow-up may lead to a disagreement as a significant relationship may arise at a critical time-point following the surgery. Finally, the methodological quality of the studies can lead to heterogeneous results.
It has previously been suggested that the determinants of pain and function after TKA are not the same [25] . We attempted to appraise this by capturing the results of the included studies based on whether determinants were assessed for pain and function as separate dependent variables or part of a combined construct (Tables 3 and 4) . On several occasions, individual studies that evaluated significant determinants of pain and function separately concluded that they indeed presented different determinants. However, when viewing the overall picture, the determinants of pain and function seem to be similar regardless of the method of measurement. This is most probably due to the overlap between the findings of the studies. [41] Better pain/function levels [16, 40] Higher bodily pain levels [41] Greater comorbidity [41] Worse general health status [16] Higher bodily pain levels [41] Greater comorbidity [16, 40] Worse mental health [42] Presence of self-reported disability [16] Presence of osteoporosis [4] Lower self-reported general health [16] Better function level [4] Presence of back pain [41] Worse mental health [4] Presence of osteoporosis [4] Surgical Cementless prosthesis [42] NONE NONE PFC prosthesis brand [16] Genesis 2 prosthesis brand [16] AGC prosthesis brand [16] Triathlon prosthesis brand [16] Healthcare-related NONE NONE NONE NONE Surgery performed at a National Health Services Hospital (United Kingdom) [16] As mentioned previously, outcomes after TKA are generally evaluated as a function of health change or of health state postoperatively [46 -50] . In our review, we identified fewer studies evaluating determinants based on postoperative change. Generally, from the available evidence, determinants are similar between the two approaches, with the exception of the preoperative status as discussed previously.
CONCLUSION
Moderate-to-high methodological quality of included studies suggests that preoperative determinants of pain and function outcomes following TKA include greater social deprivation, the presence or a greater level of depression and/or anxiety, greater preoperative pain catastrophizing, preoperative pain or function levels, presence or greater levels of comorbidity, presence of back pain and lower general health. Consensus is however limited by contradictory results regarding the importance of several determinants. The heterogeneity in the measurement of the outcome limits the ability to generalize the magnitude of association of determinants with TKA outcomes. Further high-quality research and a more standardized reporting of results is required in order to elucidate with greater precision the identity of determinants of pain and function following TKA in order to provide the best possible care for patients with severe knee OA.
